A new cationic type asphalt emulsifier of 2-diethylenetriamine methylene-4-nonylphenol was synthesized by the reaction of nonyl phenol, diethylenetriamine and formaldehyde. The synthesis process was detected by online FTIR technique and the intermediate was found. Based upon the experimental information, a reaction mechanism was suggested for the reaction. The asphalt emulsifier has excellent surface activity and satisfactory emulsification effect. The prepared asphalt emulsion showed higher storage stability. The emulsifier belongs to rapid-set emulsifier of asphalt. It can be applied to the road pavement construction of tack coat and chip seal.
Introduction
Asphalt emulsion is a homogeneous and stable O/W molecular system containing 55-65 wt% of asphalt, 35-45 wt% of water, and 1.0-3.0 wt% of emulsifiers. It has a variety of applications including industrial, agricultural and road construction. Compared with hot asphalt, the use of bituminous emulsion has the advantage of stronger adhesive power with mineral aggregate, lower energy consumption, and less pollution to the environment. Therefore, asphalt emulsifier is widely used in the sealing application which including to build and maintain road surfaces, sidewalks, runways, bicycle paths and parking lots [1] [2] [3] .
According to the different speed of demulsification, asphalt emulsifier is divided into rapid-set, medium-set and slow-set types. According to the water solubility of asphalt emulsifier, it can be divided into ionic and non ionic types. Ionic types are divided into anionic types, cationic types, and zwitterionic types [4] . Anionic emulsifiers were widely used in the early stage including carboxylate, sulfonate and sulfate [5, 6] . With the development of asphalt emulsifier, cationic emulsifier has become one of the most widely studied area of asphalt emulsifier. It has the advantages of excellent emulsifying property and mixing performance [7, 8] . According to the chemical structure, cationic asphalt emulsifier can be divided into alkyl polyamine, quaternary ammonium salt, amide amine, imidazoline [9] . A lignin amine type asphalt emulsifier was synthesized by using the raw materials of soda lignin, secondary amines and inexpensive aminating assistants [10] . Gemini emulsifier is a new kind of surfactant, which contains more than one hydrophobic tail and hydrophilic heads in the molecules [11, 12] . Dissymmetric Gemini quaternary ammonium salts cationic asphalt emulsifiers with three carbon chains were synthesized using the raw material of N,N-dodecyl dimethyl tertiary amine, N,N-octadecyl dimethyl tertiary amine, epichlorohydrin and hydrochloric acid [13] .
Zwitterionic emulsifiers, including betaine and amino acid, contain both positively and negatively charged hydrophilic headgroups in the molecule [14, 15] . It is effective in a wide range of pH value. Sulfobetaine-type zwitterionic gemini surfactants of 1,2-bis[N-methyl-N-(3-sulfopropyl)-alkylammonium]ethane were synthesized by the reaction of N,N-dimethylethylenediamine with alkyl bromide, followed by the reaction with 1,3-propane sultone [16] .
In previous papers we have synthesized several types of asphalt emulsifiers [17, 18] . In this study, a new kind of cationic asphalt emulsifier was synthesized. The synthesis process was detected by online FTIR technique. The emulsifier belongs to rapid-set emulsifier of asphalt. It can be applied to the road pavement construction of tack coat and chip seal. (R1) Scheme 1 Synthesis route Nonyl phenol (16.50 g, 0.075 mol) and diethylenetriamine (8.51 g, 0.0825mol) were dissolved in 75 mL ethanol and stirred at 70 ℃ in a water bath. 37% Formaldehyde (10.34 g, 0.1275mol) was added dropwise to the mixed solution. The solution was reacted at 70 ℃for 6h.
Online FTIR analysis. The online FTIR detection was operated on a ReactIR 4000 spectrophotometer (Mettler-Toledo AutoChem, Inc., USA). FTIR spectra were recorded in the range of 650-4000 cm -1 wavenumber at a resolution of 4 cm -1
. Nonyl phenol (16.50 g, 0.075 mol) and diethylenetriamine (8.51 g, 0.0825mol) were dissolved in 75 mL ethanol and stirred at 70 ℃ in a water bath. The detector of the online FTIR analysis apparatus was immersed in the solution during the reaction process to record the 3D online FTIR spectra. 37% Formaldehyde (10.34 g, 0.1275mol) was added dropwise to the mixed solution in 12-17 min. The solution was reacted at 70 ℃for 6h. The magnetic stirrer was in use during the online FTIR detection.
Preparation of asphalt emulsion. 7.5 g emulsifier was dissolved in 200 mL water. The pH value of the aqueous solution was adjusted to 2.0 by aqueous 30% HCl, and the solution was heated to 60-65℃. 300 g A-100 asphalt was heated to 120-125℃. The asphalt emulsion was prepared by mixing the emulsifier aqueous solution and asphalt in a RHS-5 type colloid mill for 1min.
Mixing experiment. Mineral aggregate (300 g), 1 g cement and 25 g water were placed in a 500 mL bowl. Asphalt emulsion (40 g) was then added. The mixture was mixed and agitated at a speed of 60 revolutions per minute. The mixing time was measured by observation of the mixing performance.
Results and discussion
Online FTIR Analysis. The reaction was detected by online FTIR technique. In the reaction, formaldehyde was added dropwise between 12-17 min. The reaction time was 6.0 h. Figure 1 shows the 3D online infrared spectra in the whole reaction process. As can be seen, the spectra changed a lot.
Four components were found automatically during the online FTIR detection. Its FTIR spectrum was obtained (see Fig. 2-5 ). In the FTIR spectrum of component 1 (Fig. 2) , the absorption at 1558 cm In the FTIR spectrum of component 2 (Fig. 3) , the absorptions at 1640 cm (peak 9) is attributed to methylene plane swing vibration. Therefore, the spectrum of component 2 obtained by online FTIR agrees with the target product's chemical structure.
In the FTIR spectrum of component 3 (Fig. 4) , the absorption at 1717 cm In the FTIR spectrum of component 4 (Fig. 5) , the absorption at 1516 cm (peak 8) is attributed to C-H out-of-plane bending vibration. Therefore, the spectrum of component 4 obtained by online FTIR agrees with the nonyl phenol's chemical structure. Figure 6 gives the plot of relative concentrations (c) of component 1-4 with reaction time. As shown in Fig. 6 , the relative concentration of component 1 increases slightly at first, then decreases afterwards with reaction time. Therefore, we can confirm that component 1 should be the intermediate as shown in Scheme 2 according to the changing trend of concentration and the online FTIR spectrum in Fig. 2 .
The relative concentration (component 2) increases with reaction time. Therefore, we can confirm that component 2 should be the target product to be synthesized according to the changing trend of concentration and the online FTIR spectrum as shown in Fig. 3 .
The relative concentration of component 3 increases sharply at the beginning, then decreases gradually with reaction time. Therefore, we can confirm that component 3 should be formaldehyde according to the changing trend of concentration and the online FTIR spectrum in Fig. 4 .
The relative concentration of component 4 decreases gradually with reaction time. Therefore, we can confirm that component 4 should be nonyl phenol according to the changing trend of concentration and the online FTIR spectrum in Fig. 5 .
Synthesis reaction mechanism. For reaction (R1), we presented a Scheme 2 as shown in reactions (R2-R6), based upon the spectrum obtained by online FTIR detection (Fig. 2-5 ) and the concentration changing trends of the four components in Fig. 6 .
The reaction belongs to Mannich reaction. Component 1 of the intermediate is formed by the reaction of diethylenetriamine with formaldehyde (reaction R2). Phenoxy anion is formed by ionization from nonyl phenol in alkaline condition (reaction R3). The phenoxy anion resonates to carbanion (reaction R4). A keto isomer is formed by the reaction of the carbanion with the intermediate (reaction R5). The final asphalt emulsifier product is produced by the keto-enol tautomerism from the keto isomer (reaction R6). Performance evaluation for the asphalt emulsion. The emulsifier gives excellent emulsifying ability for A-100 asphalt. The prepared asphalt emulsion had higher storage stability. There is not asphalt phase and water phase to be separated after 5 days. The mixing time was 2 s. It indicates that the emulsifier belongs to a rapid-set emulsifier of asphalt. It can be applied to the road pavement construction of tack coat and chip seal.
Conclusion
A new cationic asphalt emulsifier was synthesized by the reaction of nonyl phenol, diethylenetriamine and formaldehyde. The synthesis process was detected by online FTIR technique and the intermediate was found. Based upon the experimental information, a reaction mechanism was suggested for the reaction. The emulsifier shows excellent emulsifying ability for A-100 asphalt. The emulsifier belongs to rapid-set emulsifier of asphalt.
